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SEMICONDUCTOR DEVICE 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This application is a divisional of application Ser. No. 
10/273,993, ?led on Oct. 21, 2002, Which is based upon and 
claims priority of Japanese Patent Application No. 2002 
077218, ?led on Mar. 19, 2002, the contents being incorpo 
rated herein by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a semiconductor device 

and a manufacturing method thereof, Which are particularly 
suitable for salicide CMOS transistor applications. 

2. Description of the Related Art 
Advancements in miniaturization and speedups of a semi 

conductor device in recent years have been increasing the 
need for a high-performance and loW-poWer-consumption 
transistor. In order to meet such a need, it is crucial to solve a 
problem of Wiring delay by loWering the resistance of various 
Wires. To this end, for example, a so-called silicide structure, 
and further, a so-called salicide structure are adopted in a 
CMOS transistor or the like. 

The salicide structure is achieved by depositing metal, 
Which is commonly W or Co, on the gate and the impurity 
diffusion layer folloWed by sintering, thereby alloWing sili 
con and the metal to react With each other. In this case, in order 
to prevent shorting the gate to the impurity diffusion layer 
through the silicide ?lm, a sideWall is formed to electrically 
isolate the gate and the impurity diffusion layer. Also, the 
impurity diffusion layer is formed so that a shalloW junction 
region (extension region) and a deep junction region (source/ 
drain region) overlap by performing ion implantation tWice 
before and after the formation of the sideWall. 

According to the salicide structure described above, an 
impurity concentration in the extension region tends to 
increase to meet the need to further loWer the resistance. A 
CMOS transistor commonly uses boron (B) having a high 
diffusion coef?cient as an impurity for a PMOS transistor, 
and arsenic (As) having a loW diffusion coe?icient for an 
NMOS transistor. When a dose of arsenic is increased to 
loWer the resistance in the extension region and to ensure the 
overlaps With the gate in the NMOS transistor, it becomes 
dif?cult to optimiZe an amount of overlaps in each transistor. 
Further, a higher concentration of arsenic in the extension 
region of the NMOS transistor gives rise to unWanted creep 
ing of metal silicide into the semiconductor substrate, Which 
poses a problem that the gate shorts to the source/drain. 

SUMMARY OF THE INVENTION 

The present invention is devised to solve the above prob 
lems, and therefore, has an object to provide a semiconductor 
device of a CMOS structure, With Which it is possible to 
prevent unWanted creeping of silicide that occurs often in a 
shalloW junction region depending on a concentration of an 
impurity having a loW diffusion coef?cient as represented by 
arsenic, and further, not only can the resistance in the shalloW 
junction region be loWered, but also an amount of overlaps 
can be optimiZed in each transistor, and a manufacturing 
method thereof. 

The inventor of the present invention conduced an assidu 
ous study and achieved embodiments as folloWs. 
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2 
The present invention is according to a semiconductor 

device of a so-called CMOS structure, that is, a semiconduc 
tor device including a ?rst transistor having a ?rst impurity 
diffusion layer of a ?rst conduction type formed in such a 
manner that a shalloW junction region and a deep junction 
region overlap each other at least partially, and having a 
silicide layer formed at least on a surface of the ?rst impurity 
diffusion layer; and a second transistor having a second impu 
rity diffusion layer of a second conduction type, the ?rst 
conduction type and the second conduction type being oppo 
site to each other, and to a manufacturing method thereof. 
A semiconductor device according to an aspect of the 

present invention is arranged in such a manner that a ?rst 
impurity doped into the shalloW junction region in the ?rst 
impurity diffusion layer has a diffusion coef?cient loWer than 
a diffusion coef?cient of a second impurity doped into the 
second impurity diffusion layer, and an impurity concentra 
tion in the shalloW junction region is in a range from 1.1><10l5 
to 2><1015ions/cm2. 

Also, a semiconductor device according to another aspect 
of the present invention is arranged in such a manner that it 
has a so-called double-sideWall structure, and that a ?rst 
impurity doped into the shalloW junction region in the ?rst 
impurity diffusion layer has a diffusion coef?cient loWer than 
a diffusion coef?cient of a second impurity doped into the 
second impurity diffusion layer, and an impurity concentra 
tion in the shalloW junction region is in a range from 5><10l4 
to 2><1015ions/cm2. 

Further, a semiconductor device according to a further 
another aspect of the present invention is arranged in such a 
manner that it has a so-called notch gate structure, and that a 
?rst impurity doped into the shalloW junction region in the 
?rst impurity diffusion layer has a diffusion coe?icient loWer 
than a diffusion coef?cient of a second impurity doped into 
the second impurity diffusion layer, and an impurity concen 
tratiolr} in the shalloW junction region is in a range from 
5><10 to 2><1015ions/cm2. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a ?gure corresponding to photomicrograph shoW 
ing a short of a gate to a source/drain caused by creeping of 
silicide in a substrate; 

FIG. 2 is a characteristic vieW shoWing an analyZed relation 
betWeen a dose of arsenic for an extension region and inci 
dence of non-conforming transistors; 

FIGS. 3A through 31 are schematic cross sections shoWing 
a fabrication sequence in a manufacturing method of a CMOS 
transistor according to a ?rst embodiment; 

FIGS. 4A through 4] are schematic cross sections shoWing 
a fabrication sequence in a manufacturing method of a CMOS 
transistor according to a second embodiment; and 

FIGS. 5A through 51 are schematic cross sections shoWing 
a fabrication sequence in a manufacturing method of a CMOS 
transistor according to a third embodiment. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

1. Principle of Operations of the Present Invention 
In a semiconductor device of a CMOS structure, in case 

that a dose of arsenic used in forming an extension region of 
an NMOS transistor is increased to as high as 3><10l5 ions/ 
cm2, it is con?rmed that, as shoWn in FIG. 1, the gate shorts to 
the source/drain due to creeping of silicide in the substrate. 
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Hence, the present invention is addressed to limit a dose of 
arsenic for the extension region. 

FIG. 2 shoWs a characteristic vieW showing an analyzed 
relation betWeen a dose of arsenic for the extension region 
and incidence of non-comforting transistors. Given approxi 
mately 0.0005% as the limit of incidence of non-conformity 
by taking miscellaneous conditions into account, then the 
upper limit of a dose of arsenic is estimated to be 2><l0l5 
ions/cm2 approximately, and preferably l.5><l0l5 ions/cm2 
approximately. By taking the need to loWer the resistance in 
the extension region into account, the loWer limit of a dose of 
arsenic is estimated to be 5><l0l4 ions/cm2 approximately, and 
preferably l.l><l0l5 ions/cm2 approximately. 
From the foregoing estimations, an appropriate dose of 

arsenic that satis?es both the needs to (1) lower the incidence 
of non-conformity (to prevent a reduction of yields) and (2) 
loWer the resistance in the extension region is in a range from 
5><l0l4l5to 2><l0l5 ions/cm2, and preferably in a range from 
l.l><l0 to l.5><l0l5 ions/cm2. Further, by stressing the need 
to loWer the resistance in the extension region of the NMOS 
transistor in vieW of the importance, the appropriate range 
may be from l.l><l0l5 to 2><l0l5 ions/cm2. 

In this case, in addition to the ion implantation of arsenic in 
the above-speci?ed appropriate range, a loW concentration of 
phosphorus may be doped into the extension region of the 
NMOS transistor by ion implantation, so that the concentra 
tion of an n-type impurity in the extension region is adjusted 
high. Consequently, it is possible to further loWer the resis 
tance in the extension region and optimiZe an amount of 
overlaps in each of the PMOS transistor and the NMOS 
transistor Without interfering With prevention of a reduction 
of yields of the transistor. 

2. Preferred Embodiments of the Present Invention 
The folloWing description Will describe in detail concrete 

embodiments of the present invention With reference to the 
draWings based on the principle of operations of the present 
invention described above. 

First Embodiment 

Initially, an explanation Will be given to a ?rst embodi 
ment. Herein, a CMOS transistor of the salicide structure is 
used as an example of the semiconductor device. For ease of 
explanation, a structure of the CMOS transistor Will be 
described in parallel With a manufacturing method thereof. 

FIGS. 3A through 3I are schematic cross sections shoWing 
a fabrication sequence in the manufacturing method of the 
CMOS transistor according to the ?rst embodiment. 

As shoWn in FIG. 3A, the manufacturing of the CMOS 
transistor starts With the formation of trenches in a p-type 
semiconductor substrate 1 by patterning an isolation region, 
and a silicon oxide ?lm is deposited on the entire surface by 
the CVD method in a ?lm thickness suf?cient to bury the 
trenches, after Which the surface layer of the silicon oxide 
?lm is polished by the chemical mechanical polishing method 
(CMP method), Whereby STI isolation structures 2 are 
formed by ?lling the trenches With the silicon oxide ?lm. 
Consequently, active regions are de?ned. 

Subsequently, the active region on the left side of the STI 
isolation structure 2 at the center in FIG. 3A is made into a 
p-type channel/Well region 3 by doping a p-type impurity, that 
is, boron (B) herein, by ion implantation, and the active region 
on the right side is made into an n-type channel/Well region 4 
by doping an n-type impurity, that is, phosphorus (P) herein. 
In the folloWing steps, an NMOS transistor and a PMOS 
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4 
transistor are fabricated in the p-type channel/Well region 3 
and the n-type channel/Well region 4, respectively. 

Then, as shoWn in FIG. 3B, a gate insulation ?lm 5 is 
formed over the p-type channel/Well region 3 and the n-type 
channel/Well region 4 by, for example, thermal oxidation, and 
a polycrystalline silicon ?lm is deposited on the entire surface 
by the CVD method, after Which the polycrystalline silicon 
?lm and the gate insulation ?lm 5 are patterned, Whereby a 
gate electrode 6 is formed on each of the p-type channel/Well 
region 3 and the n-type channel/Well region 4 With the gate 
insulation ?lm 5 being interposed therebetWeen. 

Subsequently, as shoWn in FIGS. 3C and 3D, a shalloW 
junction region and its pocket layer are formed in the p-type 
channel/Well region 3 alone. 

To be more speci?c, as shoWn in FIG. 3C, a resist pattern 7 
is formed by processing to cover only the n-type channel/Well 
region 4, and a junction layer 8 is formed by doping a high 
concentration of an n-type impurity, that is, arsenic (As) 
herein, into the surface layer of the semiconductor substrate 1 
on either side of the gate electrode 6 by ion implantationusing 
the resist pattern 7 and the gate electrode 6 on the p-type 
channel/Well region 3 as a mask. The ion implantation con 
ditions for arsenic at this point may be as folloWs: the accel 
eration energy is 5 keV, and a dose is Within the above 
speci?ed appropriate range. 

Then, a junction layer 9 is formed by doping, in succession 
to the ion implantation of arsenic, a loW concentration of an 
n-type impurity, that is, phosphorus (P) herein, by ion implan 
tation using the resist pattern 7 and the gate electrode 6 as a 
mask again to compensate for a further higher n-type impurity 
concentration. The ion implantation conditions for phospho 
rus at this point may be as follows: the acceleration energy is 
1 keV, and a dose is 5><l0l3 ions/cm2. By performing the ion 
implantation tWice in this manner, the junction layer 9 over 
laps the junction layer 8, Whereby a shalloW junction region 
(extension region) 10 adjusted to have a desired high concen 
tration is formed. 

Then, as shoWn in FIG. 3D, a pocket layer 11 is formed by 
doping a p-type impurity, that is, boron (B) or indium (In) 
herein, by ion implantation using the resist pattern 7 and the 
gate electrode 6 as a mask once again. At this point, the ion 
implantation is performed With a tilt angle of 0° or in a 
slanting direction With respect to a direction perpendicular to 
the surface of the semiconductor substrate 1. 

Subsequently, after the resist pattern 7 is removed by ash 
ing or the like, as shoWn in FIG. 3E, a shalloW junction region 
and its pocket layer are formed next in the n-type channel/ 
Well region 4 alone. 

To be more speci?c, a resist pattern 12 is formed by pro 
cessing to cover only the p-type channel/Well region 3, and a 
high concentration of a p-type impurity, that is, boron herein, 
is doped into the surface layer of the semiconductor substrate 
1 on either side of the gate electrode 6 by ion implantation 
using the resist pattern 12 and the gate electrode 6 on the 
n-type channel/Well region 4 as a mask. Consequently, an 
extension region 13 is formed. 

Then, a pocket layer 14 is formed by doping an n-type 
impurity, that is, arsenic herein, by ion implantation using the 
resist pattern 12 and the gate electrode 6 as a mask again. At 
this point, the ion implantation is performed With a tilt angle 
of 0° or in a slanting direction With respect to a direction 
perpendicular to the surface of the semiconductor substrate 1. 

Subsequently, after the resist pattern 12 is removed by 
ashing or the like, as shoWn in FIG. 3F, a silicon oxide ?lm is 
deposited on the entire surface by the CVD method to cover 
each gate electrode 6, and the entire silicon oxide ?lm is 
subjected to anisotropic etching (etched back) so that the 
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silicon oxide ?lm is left only on the side face of each gate 
electrode 6, whereby sidewalls 15 are formed. 

Subsequently, as shoWn in FIG. 3G, a source/drain is 
formed in the p-type channel/Well region 3 alone as a deep 
junction region. 

To be more speci?c, a resist pattern 16 is formed by pro 
cessing to cover only the n-type channel/Well region 4 again, 
and a high concentration of an n-type impurity, that is, arsenic 
herein, is doped into the surface layer of the semiconductor 
substrate 1 on either side of the sideWall 15 by ion implanta 
tion using the resist pattern 16 and the gate electrode 6 and its 
sideWall 15 on the p-type channel/Well region 3 as a mask. 
Consequently, a source/drain 17 that partially overlaps the 
extension region 10 and the pocket layer 11 is formed (the 
extension region 10, the pocket layer 11, and the source/drain 
17 together form a ?rst impurity diffusion layer). According 
to the steps thus far, an NMOS transistor including the gate 
electrode 6, the ?rst impurity diffusion layer, etc. is fabricated 
in the p-type channel/Well region 3. 

Subsequently, after the resist pattern 16 is removed by 
ashing or the like, as shoWn in FIG. 3H, a source/drain is 
formed in the n-type channel/Well region 4 alone as a deep 
junction region. 

To be more speci?c, a resist pattern 18 is formed by pro 
cessing to cover only the p-type channel/Well region 3 again, 
and a high concentration of a p-type impurity, that is, boron 
herein, is doped into the surface layer of the semiconductor 
substrate 1 on either side of the sideWall 15 by ion implanta 
tion using the resist pattern 18 and the gate electrode 6 and its 
sideWall 15 on the n-type channel/Well region 4 as a mask. 
Consequently, a source/drain 19 that partially overlaps the 
extension region 13 and the pocket layer 14 is formed (the 
extension region 13, the pocket layer 14, and the source/drain 
19 together form a second impurity diffusion layer). Accord 
ing to the steps thus far, a PMOS transistor including the gate 
electrode 6, the second impurity diffusion layer, etc. is fabri 
cated in the n-type channel/Well region 4. 

Subsequently, after the resist pattern 18 is removed by 
ashing or the like, as shoWn in FIG. 31, a salicide structure is 
formed in both the NMOS transistor and the PMOS transistor. 

To be more speci?c, a ?lm of metal that is able to form 
silicide, that is, cobalt (Co) herein, is sputtered on the entire 
surface by the sputtering method or the like, and a reaction is 
alloWed to take place betWeen the Co ?lm and silicon on the 
surfaces of the gate electrodes 6, the sources/ drains 17 and 19, 
and the extension regions 10 and 13 by heat treatment, 
Whereby a cobalt silicide ?lm 20 is formed. Then, the unre 
acted Co ?lm is removed by predetermined Wet etching. Ni, V, 
Pd, Pt, Cr, or the like may be used as metal that is able to form 
silicide besides Co. 

Subsequently, an interlayer insulation ?lm, a contact hole, 
various Wiring layers, etc. are formed, Whereby a CMOS 
transistor is completed. 
As has been explained, according to the present embodi 

ment, With a CMOS transistor, it is possible to prevent 
unWanted creeping of silicide that occurs often in the shalloW 
junction region depending on a concentration of an impurity 
having a loW diffusion coe?icient as represented by arsenic, 
and further, not only can the resistance in the shalloW junction 
region be loWered, but also an amount of overlaps can be 
optimiZed in each of the NMOS transistor and the PMOS 
transistor. 

Second Embodiment 

Next, an explanation Will be given to a second embodi 
ment. Herein, a CMOS transistor having a so-called double 
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6 
sideWall structure plus the salicide structure Will be used as an 
example of the semiconductor device. For ease of explana 
tion, a structure of the CMOS transistor Will be described in 
parallel With a manufacturing method thereof, and like com 
ponents are labeled With like reference numerals With respect 
to the ?rst embodiment above. 

FIGS. 4A through 4] are schematic cross sections shoWing 
a fabrication sequence in the manufacturing method of the 
CMOS transistor according to the second embodiment. 
As shoWn in FIG. 4A, the manufacturing of the CMOS 

transistor starts With the formation of trenches in a p-type 
semiconductor substrate 1 by patterning an isolation region, 
and a silicon oxide ?lm is deposited on the entire surface by 
the CVD method in a ?lm thickness su?icient to bury the 
trenches, after Which the surface layer of the silicon oxide 
?lm is polished by the chemical mechanical polishing method 
(CMP method), Whereby STl isolation structures 2 are 
formed by ?lling the trenches With the silicon oxide ?lm. 
Consequently, active regions are de?ned. 

Subsequently, the active region on the left side of the STI 
isolation structure 2 at the center in FIG. 4A is made into a 
p-type channel/Well region 3 by doping a p-type impurity, that 
is, boron (B) herein, by ion implantation, and the active region 
on the right side is made into an n-type channel/Well region 4 
by doping an n-type impurity, that is, phosphorus (P) herein. 
In the folloWing steps, an NMOS transistor and a PMOS 
transistor are fabricated in the p-type channel/Well region 3 
and the n-type channel/Well region 4, respectively. 

Then, as shoWn in FIG. 4B, a gate insulation ?lm 5 is 
formed over the p-type channel/Well region 3 and the n-type 
channel/Well region 4 by, for example, thermal oxidation, and 
a polycrystalline silicon ?lm is deposited on the entire surface 
by the CVD method, after Which the polycrystalline silicon 
?lm and the gate insulation ?lm 5 are patterned, Whereby a 
gate electrode 6 is formed on each of the p-type channel/Well 
region 3 and the n-type channel/Well region 4 With the gate 
insulation ?lm 5 being interposed therebetWeen. 

Subsequently, as shoWn in FIG. 4C, a silicon oxide ?lm is 
deposited on the entire surface by the CVD method to cover 
each gate electrode 6, and the entire silicon oxide ?lm is 
subjected to anisotropic etching (etched back) so that the 
silicon oxide ?lm is left only on the side face of each gate 
electrode 6, Whereby ?rst sideWalls 21 are formed. 

Then, as shoWn in FIGS. 4D and 4E, a shalloW junction 
region and its pocket layer are formed in the p-type channel/ 
Well region 3 alone. 

To be more speci?c, as shoWn in FIG. 4D, a resist pattern 7 
is formed by processing to cover only the n-type channel/Well 
region 4, and a junction layer 8 is formed by doping a high 
concentration of an n-type impurity, that is, arsenic (As) 
herein, into the surface layer of the semiconductor substrate 1 
on either side of the ?rst sideWall 21 by ion implantationusing 
the resist pattern 7 and the gate electrode 6 and its ?rst side 
Wall 21 on the p-type channel/Well region 3 as a mask. The ion 
implantation conditions for arsenic at this point may be as 
folloWs: the acceleration energy is 5 keV, and a dose is Within 
the above-speci?ed appropriate range. 

Then, a junction layer 9 is formed by doping, in succession 
to the ion implantation of arsenic, a loW concentration of an 
n-type impurity, that is, phosphorus (P) herein, by ion implan 
tation using the resist pattern 7 and the gate electrode 6 and its 
?rst sideWall 21 as a mask again to compensate for a further 
higher n-type impurity concentration. The ion implantation 
conditions for phosphorus at this point may be as folloWs: the 
acceleration energy is 1 keV, and a dose is 5><l0l3 ions/cm2. 
By performing the ion implantation tWice in this manner, the 
junction layer 9 overlaps the junction layer 8, Whereby a 
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shallow junction region (extension region) 10 adjusted to 
have a desired high concentration is formed. 

Then, as shoWn in FIG. 4E, a pocket layer 11 is formed by 
doping a p-type impurity, that is, boron (B) or indium (In) 
herein, by ion implantation using the resist pattern 7 and the 
gate electrode 6 and its ?rst sideWall 21 as a mask once again. 
At this point, the ion implantation is performed With a tilt 
angle of 0° or in a slanting direction With respect to a direction 
perpendicular to the surface of the semiconductor substrate 1. 

Subsequently, after the resist pattern 7 is removed by ash 
ing or the like, as shoWn in FIG. 4F, a shalloW junction region 
and its pocket layer are formed next in the n-type channel/ 
Well region 4 alone. 

To be more speci?c, a resist pattern 12 is formed by pro 
cessing to cover only the p-type channel/Well region 3, and a 
high concentration of a p-type impurity, that is, boron herein, 
is doped into the surface layer of the semiconductor substrate 
1 on either side of the ?rst sideWall 21 by ion implantation 
using the resist pattern 12 and the gate electrode 6 and its ?rst 
sideWall 21 on the n-type channel/Well region 4 as a mask. 
Consequently, an extension region 13 is formed. 

Then, a pocket layer 14 is formed by doping an n-type 
impurity, that is, arsenic herein, by ion implantation using the 
resist pattern 12 and the gate electrode 6 and its ?rst sideWall 
21 as a mask again. At this point, the ion implantation is 
performed With a tilt angle of 0° or in a slanting direction With 
respect to a direction perpendicular to the surface of the 
semiconductor substrate 1. 

Subsequently, after the resist pattern 12 is removed by 
ashing or the like, as shoWn in FIG. 4G, a silicon oxide ?lm is 
deposited on the entire surface by the CVD method to cover 
each gate electrode 6, and the entire silicon oxide ?lm is 
subjected to anisotropic etching (etched back) so that the 
silicon oxide ?lm is left only on the side face of each ?rst 
sideWall 21, Whereby second sideWalls 22 are formed. At this 
point, a double-sideWall structure 23 including the ?rst and 
second sideWalls 21 and 22 is formed on the side face of each 
gate electrode 6. 

Subsequently, as shoWn in FIG. 4H, a source/drain is 
formed in the p-type channel/Well region 3 alone as a deep 
junction region. 

To be more speci?c, a resist pattern 16 is formed by pro 
cessing to cover only the n-type channel/Well region 4 again, 
and a high concentration of an n-type impurity, that is, arsenic 
herein, is doped into the surface layer of the semiconductor 
substrate 1 on either side of the double-sideWall structure 23 
by ion implantation using the resist pattern 16 and the gate 
electrode 6 and its double-sideWall structure 23 on the p-type 
channel/Well region 3 as a mask. Consequently, a source/ 
drain 17 that partially overlaps the extension region 10 and the 
pocket layer 11 is formed (the extension region 10, the pocket 
layer 11, and the source/drain 17 together form a ?rst impu 
rity diffusion layer). According to the steps thus far, an 
NMOS transistor including the gate electrode 6, the ?rst 
impurity diffusion layer, etc. is fabricated in the p-type chan 
nel/Well region 3. 

Subsequently, after the resist pattern 16 is removed by 
ashing or the like, as shoWn in FIG. 41, a source/drain is 
formed in the n-type channel/Well region 4 alone as a deep 
junction region. 

To be more speci?c, a resist pattern 18 is formed by pro 
cessing to cover only the p-type channel/Well region 3 again, 
and a high concentration of a p-type impurity, that is, boron 
herein, is doped into the surface layer of the semiconductor 
substrate 1 on either side of the double-sideWall structure 23 
by ion implantation using the resist pattern 18 and the gate 
electrode 6 and its double-sideWall structure 23 on the n-type 
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8 
channel/Well region 4 as a mask. Consequently, a source/ 
drain 19 that partially overlaps the extension region 13 and the 
pocket layer 14 is formed (the extension region 13, the pocket 
layer 14, and the source/drain 19 together form a second 
impurity diffusion layer). According to the steps thus far, a 
PMOS transistor including the gate electrode 6, the second 
impurity diffusion layer, etc. is fabricated in the n-type chan 
nel/Well region 4. 

Subsequently, after the resist pattern 18 is removed by 
ashing or the like, as shoWn in FIG. 4], a salicide structure is 
formed in both the NMOS transistor and the PMOS transistor. 

To be more speci?c, a ?lm of metal that is able to form 
silicide, that is, cobalt (Co) herein, is sputtered on the entire 
surface by the sputtering method or the like, and a reaction is 
alloWed to take place betWeen the Co ?lm and silicon on the 
surfaces of the gate electrodes 6, the sources/ drains 17 and 19, 
and the extension regions 10 and 13 by heat treatment, 
Whereby a cobalt silicide ?lm 20 is formed. Then, the unre 
acted Co ?lm is removed by predetermined Wet etching. Ni, V, 
Pd, Pt, Cr, or the like may be used as metal that is able to form 
silicide besides Co. 

Subsequently, an interlayer insulation ?lm, a contact hole, 
various Wiring layers, etc. are formed, Whereby a CMOS 
transistor is completed. 
As has been explained, according to the present embodi 

ment, With a CMOS transistor, it is possible to prevent 
unWanted creeping of silicide that occurs often in the shalloW 
junction region depending on a concentration of an impurity 
having a loW diffusion coe?icient as represented by arsenic, 
and further, not only can the resistance in the shalloW junction 
region be loWered, but also an amount of overlaps can be 
optimized in each of the NMOS transistor and the PMOS 
transistor. Moreover, since the double- sideWall structure 23 is 
formed in the present embodiment as described above, the 
foregoing advantages can be attained in a more reliable man 
ner. 

Third Embodiment 

Next, an explanation Will be given to a third embodiment. 
Herein, a CMOS transistor having a so-called notch gate 
structure plus the salicide structure Will be used as an example 
of the semiconductor device. For ease of explanation, a struc 
ture of the CMOS transistor Will be described in parallel With 
a manufacturing method thereof, and like components are 
labeled With like reference numerals With respect to the ?rst 
embodiment above. 

FIGS. 5A through 51 are schematic cross sections shoWing 
a fabrication sequence in the manufacturing method of the 
CMOS transistor according to the third embodiment. 
As shoWn in FIG. 5A, the manufacturing of the CMOS 

transistor starts With the formation of trenches in a p-type 
semiconductor substrate 1 by patterning an isolation region, 
and a silicon oxide ?lm is deposited on the entire surface by 
the CVD method in a ?lm thickness su?icient to bury the 
trenches, after Which the surface layer of the silicon oxide 
?lm is polished by the chemical mechanical polishing method 
(CMP method), Whereby STI isolation structures 2 are 
formed by ?lling the trenches With the silicon oxide ?lm. 
Consequently, active regions are de?ned. 

Subsequently, the active region on the left side of the STI 
isolation structure 2 at the center in FIG. 5A is made into a 
p-type channel/Well region 3 by doping a p-type impurity, that 
is, boron (B) herein, by ion implantation, and the active region 
on the right side is made into an n-type channel/Well region 4 
by doping an n-type impurity, that is, phosphorus (P) herein. 
In the folloWing steps, an NMOS transistor and a PMOS 
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transistor are fabricated in the p-type channel/Well region 3 
and the n-type channel/Well region 4, respectively. 

Then, as shoWn in FIG. 5B, a gate insulation ?lm 5 is 
formed over the p-type channel/Well region 3 and the n-type 
channel/Well region 4 by, for example, thermal oxidation, and 
a polycrystalline silicon ?lm is deposited on the entire surface 
by the CVD method, after Which the polycrystalline silicon 
?lm and the gate insulation ?lm 5 are patterned in the shape of 
an electrode. Then, only the loWer portion of the side face of 
the polycrystalline silicon ?lm and the gate insulation ?lm 5 
thus patterned is subjected to isotropic etching, Whereby a 
gate electrode 31 (notch gate structure) of a notched shape 
having a narroW Width portion 32 at the loWer portion of the 
side face is formed on each of the p-type channel/Well region 
3 and the n-type channel/Well region 4 With the gate insulation 
?lm 5 being interposed therebetWeen. 

Subsequently, as shoWn in FIGS. 5C and 5D, a shalloW 
junction region and its pocket layer are formed in the p-type 
channel/Well region 3 alone. 

To be more speci?c, as shoWn in FIG. 5C, a resist pattern 7 
is formed by processing to cover only the n-type channel/Well 
region 4, and a junction layer 8 is formed by doping a high 
concentration of an n-type impurity, that is, arsenic (As) 
herein, into the surface layer of the semiconductor substrate 1 
on either side of the gate electrode 31 by ion implantation 
using the resist pattern 7 and the gate electrode 31 on the 
p-type channel/Well region 3 as a mask. The ion implantation 
conditions for arsenic at this point may be as folloWs: the 
acceleration energy is 5 keV, and a dose is Within the above 
speci?ed appropriate range. 

Then, a junction layer 9 is formed by doping, in succession 
to the ion implantation of arsenic, a low concentration of an 
n-type impurity, that is, phosphorus (P) herein, by ion implan 
tation using the resist pattern 7 and the gate electrode 31 as a 
mask again to compensate for a further higher n-type impurity 
concentration. The ion implantation conditions for phospho 
rus at this point may be as folloWs: the acceleration energy is 
1 keV, and a dose is 5><10l3 ions/cm2. By performing the ion 
implantation tWice in this manner, the junction layer 9 over 
laps the junction layer 8, Whereby a shalloW junction region 
(extension region) 10 adjusted to have a desired high concen 
tration is formed. 

Then, as shoWn in FIG. 5D, a pocket layer 11 is formed by 
doping a p-type impurity, that is, boron (B) or indium (In) 
herein, by ion implantation using the resist pattern 7 and the 
gate electrode 31 as a mask once again. At this point, the ion 
implantation is performed With a tilt angle of 0° or in a 
slanting direction With respect to a direction perpendicular to 
the surface of the semiconductor substrate 1. 

Subsequently, after the resist pattern 7 is removed by ash 
ing or the like, as shoWn in FIG. SE, a shalloW junction region 
and its pocket layer are formed next in the n-type channel/ 
Well region 4 alone. 

To be more speci?c, a resist pattern 12 is formed by pro 
cessing to cover only the p-type channel/Well region 3, and a 
high concentration of a p-type impurity, that is, boron herein, 
is doped into the surface layer of the semiconductor substrate 
1 on either side of the gate electrode 31 by ion implantation 
using the resist pattern 12 and the gate electrode 31 on the 
n-type channel/Well region 4 as a mask. Consequently, an 
extension region 13 is formed. 

Then, a pocket layer 14 is formed by doping an n-type 
impurity, that is, arsenic herein, by ion implantation using the 
resist pattern 12 and the gate electrode 31 as a mask again. At 
this point, the ion implantation is performed With a tilt angle 
of 0° or in a slanting direction With respect to a direction 
perpendicular to the surface of the semiconductor substrate 1. 
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10 
Subsequently, after the resist pattern 12 is removed by 

ashing or the like, as shoWn in FIG. 5F, a silicon oxide ?lm is 
deposited on the entire surface by the CVD method to cover 
each electrode 31, and the entire silicon oxide ?lm is sub 
jected to anisotropic etching (etched back) so that the silicon 
oxide ?lm is left only on the side face of each gate electrode 
31, Whereby sideWalls 15 are formed. 

Subsequently, as shoWn in FIG. 5G, a source/drain is 
formed in the p-type channel/Well region 3 alone as a deep 
junction region. 

To be more speci?c, a resist pattern 16 is formed by pro 
cessing to cover only the n-type channel/Well region 4 again, 
and a high concentration of an n-type impurity, that is, arsenic 
herein, is doped into the surface layer of the semiconductor 
substrate 1 on either side of the sideWall 15 by ion implanta 
tion using the resist pattern 16 and the gate electrode 31 and 
its sideWall 15 on the p-type channel/Well region 3 as a mask. 
Consequently, a source/drain 17 that partially overlaps the 
extension region 10 and the pocket layer 11 is formed (the 
extension region 10, the pocket layer 11, and the source/drain 
17 together form a ?rst impurity diffusion layer). According 
to the steps thus far, an NMOS transistor including the gate 
electrode 31, the ?rst impurity diffusion layer, etc. is fabri 
cated in the p-type channel/Well region 3. 

Subsequently, after the resist pattern 16 is removed by 
ashing or the like, as shoWn in FIG. 5H, a source/drain is 
formed in the n-type channel/Well region 4 alone as a deep 
junction region. 

To be more speci?c, a resist pattern 18 is formed by pro 
cessing to cover only the p-type channel/Well region 3 again, 
and a high concentration of a p-type impurity, that is, boron 
herein, is doped into the surface layer of the semiconductor 
substrate 1 on either side of the sideWall 15 by ion implanta 
tion using the resist pattern 18 and the gate electrode 31 and 
its sideWall 15 on the n-type channel/Well region 4 as a mask. 
Consequently, a source/drain 19 that partially overlaps the 
extension region 13 and the pocket layer 14 is formed (the 
extension region 13, the pocket layer 14, and the source/drain 
19 together form a second impurity diffusion layer). Accord 
ing to the steps thus far, a PMOS transistor including the gate 
electrode 31, the second impurity diffusion layer, etc. is fab 
ricated in the n-type channel/Well region 4. 

Subsequently, after the resist pattern 18 is removed by 
ashing or the like, as shoWn in FIG. 51, a salicide structure is 
formed in both the NMOS transistor and the PMOS transistor. 

To be more speci?c, a ?lm of metal that is able to form 
silicide, that is, cobalt (Co) herein, is sputtered on the entire 
surface by the sputtering method or the like, and a reaction is 
alloWed to take place betWeen the Co ?lm and silicon on the 
surfaces of the gate electrodes 31, the sources/drains 17 and 
19, and the extension regions 10 and 13 by heat treatment, 
Whereby a cobalt silicide ?lm 20 is formed. Then, the unre 
acted Co ?lm is removed by predetermined Wet etching. Ni, V, 
Pd, Pt, Cr, or the like may be used as metal that is able to form 
silicide besides Co. 

Subsequently, an interlayer insulation ?lm, a contact hole, 
various Wiring layers, etc. are formed, Whereby a CMOS 
transistor is completed. 
As has been explained, according to the present embodi 

ment, With a CMOS transistor, it is possible to prevent 
unWanted creeping of silicide that occurs often in the shalloW 
junction region depending on a concentration of an impurity 
having a loW diffusion coe?icient as represented by arsenic, 
and further, not only can the resistance in the shalloW junction 
region be loWered, but also an amount of overlaps can be 
optimiZed in each of the NMOS transistor and the PMOS 
transistor. Moreover, because the notch gate structure is 
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formed in the present embodiment as described above, the 
foregoing advantages can be attained in a more reliable man 
ner. 

According to the present invention, With a semiconductor 
device of the CMOS structure, it is possible to prevent 
unWanted creeping of silicide that occurs often in the shalloW 
junction region depending on a concentration of an impurity 
having a loW diffusion coe?icient as represented by arsenic, 
and further, not only can the resistance in the shalloW junction 
region be loWered, but also an amount of overlaps can be 
optimiZed in each transistor. 
What is claimed is: 
1. A method of manufacturing a semiconductor device 

including: 
a ?rst transistor having a ?rst impurity diffusion layer of a 

?rst conduction type formed in such a manner that a 
shalloW junction region and a deep junction region over 
lap each other at least partially, and having a silicide 
layer formed at least on a surface of said ?rst impurity 
diffusion layer; and 

a second transistor having a second impurity diffusion 
layer of a second conduction type, said ?rst conduction 
type and said second conduction type being opposite to 
each other, 

said method comprising the step of forming said shalloW 
junction region With a ?rst impurity used, said ?rst 
impurity having a diffusion coe?icient loWer than a dif 
fusion coe?icient of a second impurity used in forming 
said second impurity diffusion layer, and a dose of said 
?rst impurity being in a range from 1.1><10l5 to 2><10l5 
ions/cm2. 

2. The method of manufacturing a semiconductor device 
according to claim 1, Wherein said ?rst impurity is arsenic. 

3. The method of manufacturing a semiconductor device 
according to claim 1, Wherein said second impurity is boron. 

4. The method of manufacturing a semiconductor device 
according to claim 1, Wherein said step of forming said shal 
loW junction region comprises the step of doping a third 
impurity of said ?rst conduction type in addition to said ?rst 
impurity at a concentration loWer than a concentration of said 
?rst impurity. 

5. The method of manufacturing a semiconductor device 
according to claim 4, Wherein said third impurity is phospho 
rus. 

6. A method of manufacturing a semiconductor device 
including: 

a ?rst transistor having a ?rst impurity diffusion layer of a 
?rst conduction type formed in such a manner that a 
shalloW junction region and a deep junction region over 
lap each other at least partially, and having a silicide 
layer formed at least on a surface of said ?rst impurity 
diffusion layer; and 

a second transistor having a second impurity diffusion 
layer of a second conduction type, said ?rst conduction 
type and said second conduction type being opposite to 
each other, 

said method comprising the step of fabricating said ?rst 
transistor including the steps of: 

forming a ?rst sideWall on either side of a gate: 
forming said shalloW junction region by ion implantation 

using said gate and said ?rst sideWall as a mask With a 
?rst impurity used, said ?rst impurity having a diffusion 
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coe?icient loWer than a diffusion coe?icient of a second 
impurity used in forming said second impurity diffusion 
layer, and a does of said ?rst impurity being in a range 
from 5><10l4 to 2><1015ions/cm2; 

forming a second sideWall on the side of said ?rst sideWall; 
and 

forming said deep junction region by ion implantation 
using said gate and said ?rst and second sideWalls as a 
mask. 

7. The method of manufacturing a semiconductor device 
according to claim 2, Wherein said ?rst impurity is arsenic. 

8. The method of manufacturing a semiconductor device 
according to claim 6, Wherein said second impurity is boron. 

9. The method of manufacturing a semiconductor device 
according to claim 6, Wherein said step of forming said shal 
loW junction region comprises the step of doping a third 
impurity of said ?rst conduction type in addition to said ?rst 
impurity at a concentration loWer than a concentration of said 
?rst impurity. 

10. The method of manufacturing a semiconductor device 
according to claim 9, Wherein said third impurity is phospho 
rus. 

11. A method of manufacturing a semiconductor device 
including: 

a ?rst transistor having a ?rst impurity diffusion layer of a 
?rst conduction type formed in such a manner that a 
shalloW junction region and a deep junction region over 
lap each other at least partially, and having a silicide 
layer formed at least on a surface of said ?rst impurity 
diffusion layer; and 

a second transistor having a second impurity diffusion 
layer of a second conduction type, said ?rst conduction 
type and said second conduction type being opposite to 
each other, 

said method comprising the step of fabricating said ?rst 
transistor including the steps of: 

forming a gate to have a narroW Width shape at a loWer 
portion thereof; 

forming said shalloW junction region by ion implantation 
using said gate as a mask With a ?rst impurity used, said 
?rst impurity having a diffusion coe?icient loWer than a 
diffusion coe?icient of a second impurity used in form 
ing said second impurity diffusion layer, and a does of 
said ?rst impurity being in a range from 5><10l4 to 
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2x10 ions/cm2; 
forming a sideWall on either side of said gate; and 
forming said deep junction region by ion implantation 

using said gate and said sideWall as a mask. 
12. The method of manufacturing a semiconductor device 

according to claim 11, Wherein said ?rst impurity is arsenic. 
13. The method of manufacturing a semiconductor device 

according to claim 11, Wherein said second impurity is boron. 
14. The method of manufacturing a semiconductor device 

according to claim 11, Wherein said step of forming said 
shalloW junction region comprises the step of doping a third 
impurity of said ?rst conduction type in addition to said ?rst 
impurity at a concentration loWer than a concentration of said 
?rst impurity. 

15. The method of manufacturing a semiconductor device 
according to claim 14, Wherein said third impurity is phos 
phorus. 


